Evaluation of coupled convective-diffusive transport of drugs administered by intravitreal injection and controlled release implant.
A 3-dimensional finite element model was developed to simulate pharmacokinetics in the eye following drug administration by intravitreal injection and implant for the treatment of retinal disease. The contributions of (1) convection to the transport of drug through the vitreous and aqueous humor and (2) diffusion of drug in the vitreous were varied to study the drug elimination from a normal and diseased eye. Drug distribution achieved by intravitreal injection was compared to that for the same dose released at a constant rate over 15 h from an implant. The model was constructed for a rabbit eye and validated with experimental data for intravitreal injection of fluorescein. The implant reduced peak concentration by 43% and increased residence time by 71% for the baseline (6x10(-6) cm2/s drug diffusivity in vitreous and 0.1 microL/min vitreous outflow), when compared with that of intravitreal injection. Therefore, the implant could be beneficial in reducing the peak concentration and sustaining release of the drug for a longer duration. Convection has a relatively small influence in the normal eye for high diffusivity drugs (1x10(-5) cm2/s), but could have a significant effect for low diffusivity drugs (1x10(-7) cm2/s) in pathophysiologically elevated fluid outflow across the retina. By interpolating the results of this benchmark study, one could estimate the distributions for drugs of different molecular weight, and assess the effect of variable vitreous outflows associated with different pathophysiological conditions.